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Abstract 
The objective of this research was to formulate chitosan nano hydrogels based on mini-emulsion method. Sumac extract was 
obtained by maceration sumac cortex in water. The antimicrobial effects of finished fabrics and sumac extract against two 
pathogenic microorganisms, Staphylococcus aureus and Escherichia coli, the particle size, were then observed by using different 
methods like antimicrobial test and SEM. Antimicrobial potential of hydrogels was influenced significantly by the concentration 
of sumac extract. Chitosan nanoparticles with about 60nm in diameter were fabricated via emulsion method. This approach opens 
new horizons beyond the current application of hydrogels for future investigations. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of UFGNSM15. 
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1. Introduction 
Hydrogels, the high-water content materials fabricating from cross-linked polymers, have been used for variety 
of applications like tissue engineering, drug delivery, cosmetic products, agriculture and bio separation, Qui et al. 
(2011). Hydrogels retain water in their structure, so considered as intelligent carriers of materials, Peppas et al. 
(2006). Using natural polymers such as chitosan, alginate and collagen as the base in hydrogels have been gained 
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much attention thanks to their adorable features such as biocompatibility, low toxicity, less expensive, abundantly 
available in nature, and biodegradability, Hmaidi et al. (2008). Films, fibers, gels and foams as well as chitosan 
beads and nanoparticles are some kinds of hydrogels that can be obtained by appropriate procedures, Tripathi et al. 
(2013). Among many methodologies for formulating nanohydrogel such as emulsion polymerization, solvent 
deposition, solvent evaporation, solvent deposition of natural polymers, inotropic gelation, and emulsification-
diffusion method, Bhattarai et al. (2010), we choose the latter. Medical plants have been played important role in 
medical systems in many countries for many years, John and Raman (2009). Iranian Sumac, (RhusCoriaria), is a 
plant with adorable characteristics like antimicrobial activity that makes it useful in several applications, Kossah et 
al. (2011).The purpose of this study was to develop a new nanohydrogel with antimicrobial potential and applying 
this on cotton fabric. Chitosan based nanohydrogels were prepared, loaded by the sumac extract, and the particle 
sizes as well as antimicrobial activity of the hydrogel were investigated.  
 
Nomenclature 
W/O water in oil 
TPP Penta Sodiumteripolyphosphate 
CA Citric acid 
SEM           Scanning electron microscope 
2. Materials and methods 
Materials and their manufactured companies are given in table 1. 
 Table 1. Materials and their manufacturer companies. 
Company Name 
  
Sigma Aldrich Medium molecular weight Chitosan 
Sigma Aldrich N-hexane 
Daejung chemicals & metals Lipophilic surfactant Span80 
Merck Company acetic acid glacial (98%) 
Merck Company Pentasodiumteripolyphosphate (TPP)  
Merck Company citric acid (CA) 
Tehran Bazar Sumac fruit 
Yazdbaf bleached cotton fabric (100% plain cotton fabric of 160 g/m2) 
IKA-FISHER- USA Homogenizer 
Adrasil HP (P-836, ADRASA, Spain) Anionic detergent 
(CelluSeP T3) Cellulosic Membrane 
2.1. Chitosan nanohydrogel preparation 
20 ml of chitosan in acetic acid solution (10% W/V) was added to 30 ml of n- hexane dissolving span 80 as the 
surfactant. A high speed homogenizer (2000 rpm) was used for preparing a W/O emulsion for 30 minutes. 50 ml of 
TPP aqueous solution was then added to the mentioned suspension drop wise along with stirring for 45 minute and 
kept in cellulosic membrane surrounding by ethanol (98%) for 48 to remove un-reacted precursors. The particle 
sizes of samples were studied by SEM. 
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2.2. Sumac extract preparation and hydrogel sumac loading 
5g of separated sumac shucks were macerate in 90 ml water for 1h at room temperature and concentrate via 
rotary evaporator. Sumac extract was added to chitosan nanohydrogel by using ultrasonic probe for 30 minutes. The 
sample with less sumac extract named sample 1 and the sample with more sumac extract named sample 2. 
2.3. Fabric sample preparation 
The washed fabric sample (washed in an aqueous solution including 2 g/l of anionic surfactant with liquor to 
goods ratio of 1:25 at 60◦C for 45 min), immersed in this solution for 30 minutes and then padded with 100% pick 
up, dried at 75˚C in oven and cured at 120˚C for 4 minutes.  
3. Characterizations 
3.1. Investigation of size and morphology of treated fabric 
The size and surface morphology of dried chitosan nanoparticles and fabric sample were analyzed by scanning 
electron microscope (SEM, XL30 Philips). 
3.2. Antimicrobial activity test 
Antimicrobial activity of sumac extract and fabric samples was examined bydisc diffusion method and AATCC 
100 antimicrobial textile test against two types of microorganism, gram positive (Staphylococcus aureus, 
ATCC25923) and gram negative, (Eschericia coli, ATCC 25922). 
4. Results and discussion 
4.1. Size and morphology of samples 
SEM micrographs of the sample are illustrated in fig 1. The sizes of particles in each sample solution were 
measured by Image J software. As it showed in this Figure, particle sizes are under 100nm due to better growth 
control by precursor’s concentration. 
 
                   Fig. 1. SEM photographs of Chitosan nanoparticles. 
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4.2. Antimicrobial test 
Comparison with row samples, finished samples have shown exceptional antimicrobial property on two kinds of 
bacteria, S.Aureus and E.coli. As it showed in fig. 2, by increasing the sumac extract content the antimicrobial effect 
has been enhanced due to the increase of tannin in samples as well as increasing sumac extract solution enhanced 
the antimicrobial effect. 
 
   
A B C 
Fig. 2. Aantrimicrobial test of (a) untreated sample; (b) sample 1; (c) sample 2 against S.Aeureus bacteria. 
5. Conclusion 
In this study, chitosan nanohydrogels was prepared by emulsification method in W/O system. The sample SEM 
micrographs indicate that particle sizes are less than 100 nm. The antimicrobial test of sumac extract and treated 
samples have shown excellent properties against two microorganisms.According to some characteristics of these 
hydrogels including swelling, antimicrobial effect and biocompatibility, seems to be suitable for medical and textile 
industries. 
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